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ABSTRACT 

The mushroom Pleurotus ostreatus has nutritional and medicinal characteristics that depend on the growth 
substrate. In nature, this fungus grows on dead wood, but it can be artificially cultivated on agricultural 
wastes (coffee husks, eucalyptus sawdust, corncobs and sugar cane bagasse). The degradation of agricultural 
wastes involves some enzyme complexes made up of oxidative (laccase, manganese peroxidase and lignin 
peroxidase) and hydrolytic enzymes (cellulases, xylanases and tanases). Understanding how these enzymes 
work will help to improve the productivity of mushroom cultures and decrease the potential pollution that 
can be caused by inadequate discharge of the agroindustrial residues. The objective of this work was to 
assess the activity of the lignocellulolytic enzymes produced by two P. ostreatus strains (PLO 2 and PLO 
6). These strains were used to inoculate samples of coffee husks, eucalyptus sawdust or eucalyptus bark add 
with or without 20 % rice bran. Every five days after substrate inoculation, the enzyme activity and soluble 
protein concentration were evaluated. The maximum activity of oxidative enzymes was observed at day 10 
after inoculation, and the activity of the hydrolytic enzymes increased during the entire period of the 
experiment. The results show that substrate composition and colonization time influenced the activity of the 
lignocellulolytic enzymes. 
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INTRODUCTION 

Edible mushroom cultivation can contribute to ecological 
recycling in addition to providing mushrooms that can be 
appreciated for their nutritional, medicinal and gastronomic 
characteristics (2; 22). The mushroom market has grown 
continuously and technological advances have improved the 
quality and quantity of the mushrooms while reducing the costs 
of production (13). In Brazil, mushrooms production are a 



profitable crop (6), and they can be cultivated on different 
agricultural wastes, including coffee husks (29), corncobs (14), 
sawdust (7), eucalyptus bark (5) and sugar cane bagasse (21). 
The use of these residues depends on the capacity of the fungus 
to produce a lignocellulolytic enzyme complex (4). This 
complex includes the oxidative enzymes laccase and 
manganese peroxidase (MnP), which are involved in lignin 
degradation (8; 10; 27), and the hydrolytic enzymes xylanase 
and cellulase (6), which are involved in hemicellulose and 
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cellulose degradation, respectively. The fungi that produce this 
enzymatic complex are known as white rot fimgi, and the 
genus Pleurotus is unique among them (2). This fungus is able 
to grow well on residues with a high carbon/nitrogen ratio (6, 
30) and at a temperature between 25 and 30 ""C (6). 
Additionally, it is easy to handle and exhibits highly productive 
growth on cheap and abundant substrates (26). 

However, the composition of the substrate affects the 
productivity and chemical composition of the mushrooms (28); 
therefore, it is important to choose adequate substrates. For 
production of Pleurotus on agricultural wastes, the 
supplementation with rice bran has been suggested (6). The 
objectives of this work were 1) to assess the lignocellulolytic 
enzyme activity of two strains of P. ostreatus cultivated on 
different agroindustrial wastes and 2) to evaluate the ability of 
rice bran supplementation to increase mushroom production. 

MATERIALS AND METHODS 

Strains and inoculum preparation 

Strains PLO 2 and PLO 6 of Pleurotus ostreatus, obtained 
from the laboratory Association Mycorrhizal / Department of 
Microbiology/ Bioagro/ Federal University Vi^osa, were 
cultivated on BDA (Barley Dextrose Agar) medium, pH 5.8, 
and incubated for 15 d at 25 ""C. The spawn was prepared in 
glass pots using pre-cooked and autoclaved rice grains and was 
inoculated with four 1 -cm-diameter agar disks containing 
mycelia. The cultures were then incubated at 25 °C for 20 d. 

Substrate preparation and inoculation 

The agroindustrial wastes tested were coffee husks, 
eucalyptus sawdust and eucalyptus bark, with or without 20 % 
rice bran. Coffee husks (Ca) were washed with water to 
remove impurities, boiled for 2 h and centrifuged for 5 min 
using a home centrifuge (Mueller, Nina Soft). Eucalyptus 
sawdust (Se) was passed through a 2-mm sieve. Five hundred 
grams of each substrate was packed in a polypropylene bag and 
sterilized twice for two hours at 121 °C with 48 h between 



sterilizations. The substrates were inoculated by adding 75 g of 
spawn to each bag, after which all bags were incubated at 25''C. 

Sampling and enzymatic activities 

Samples were taken at days 5, 10 and 15 after inoculation. 
Samples were taken from three different random points of the 
colonized substrate. 

Mushroom production: After the appearance of fruiting 
bodies, the polyethylene bags were transferred to a 
fructification room with about 90% humidity and a temperature 
about 20 °C. The mushrooms were harvested after 18 to 20 
days, weighed and stored in a refrigerator. The biological 
efficiency (BE) was calculated as the ratio between the mass of 
fresh mushroom and the dry mass of the substrate, multiplied 
by 100. 

Crude enzymatic extract: Samples of 20 g of substrate 
were placed in an Erlenmeyer flask (250 mL) with 100 mL 
sodium citrate buffer (50 mM, pH 4.8) and were agitated at 150 
rpm for 1 h. The crude enzymatic extract (EEB) was the filtrate 
obtained after separation of the residues using filter paper 
(Whatman n. 1). The EEBs were stored in a refrigerator until 
use. Enzymatic assays were done in triplicate, and a zero 
reaction was performed using the substrates before fungus 
inoculation. 

Enzymatic Activity: The MnP activity was determined as 
described by Kuwahara et al. (15) using a solution of phenol 
red (1 g L"^) as substrate. For the reaction we used 100 juL 
phenol red, 200 |iL sodium lactate, 300 juL BSA (0.5 %), 50 
I^L manganese sulfate II, 100 juL hydrogen peroxide in sodium 
succinate buffer (2 M, pH 4.5), 100 |iL fungal extract and 150 
jiL distilled water. The reaction was incubated at 37 °C for 15 
minutes. The reaction was stopped with 40 i^L of sodium 
hydroxide (2M). The absorbance was measured at 610 nm. 
The laccase activity was determined as described by Buswell et 
al. (4) using 2,2'-azinobis-3-ethylbenzthiazoline-6-sulfonate 
(ABTS) as substrate. For the reaction we used 300 i^L of 
sodium acetate buffer (0.1 M, pH 5.0), 200 ^iL of ABTS (1 
mM) dissolved in distilled water 100 i^L fungal extract and 
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400 |LiL distilled water. The reaction was incubated at 37 ""C for 
1 5 min. The oxidation of ABTS was measured by the increase 
in absorbance with 420 nm at 37 ° C for 1 min. 

The activity of cellulase (18) and xylanase (1) were 
determined by measuring the amount of sugar reduced using 
DNS (3,5-dinitrosalicylic acid) methodology. 

Reduced sugar: The amount of reduced sugar present in 
the samples was determined using DNS methodology, and 
standard curves for glucose and xylose were constructed using 
concentrations between 0.5 and 1.5 g L"\ The absorbance at 
540 nm was measured using a spectrophotometer. 

Soluble protein: The soluble protein concentrations were 
evaluated using a colorimetric method based on the standard 
curve of bovine serum albumin at 595 nm (3). 

Statistical analyses: The experiments were conducted 
using a completely randomized design consisting of a 6 x 2 x 3 
factorial design, with six substrates, two fiingi strains and three 



periods of mycelial growth on the substrate. Analysis of 
variance and Tukey test using a 5 % level of significance were 
used to compare the results for the different media using 
software Saeg (version 9.1 - Federal University Vigosa, 2007). 

RESULTS 

The fungi strains formed primordia 1 5 d after inoculation. 
There was difference in the BE between strains PLO 2 and 
PLO 6 (P> 0.05) and substrates add with 20 % rice bran, the 
colonization was more uniform (data not shown) and had a 
higher BE (Figure 1). 

Manganese peroxidase activity (MnP) was highest on 10^^ 
day for the eucalypt sawdust with 20 % rice bran (SeFa) and 
coffee husks with 20 % rice bran (CaFa). (Figures 2 A and 2B). 
Additionally, independent of substrate, the strain PLO 6 had 
higher activity of MnP. 
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Figure 1. Mushroom biological efficiency of Pleurotus ostreatus growth in substrate based on sawdust (Se), sawdust with 20 % 
rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) and eucalypt bark with 20 % rice 
bran (EuFa) with day 15 of incubations at 25 °C. 1510 
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The laccase activity was greater than the MnP activity 
(Figures 2 and 3), and no difference was observed between the 
strains (P> 0.05). The highest activity was observed on CaFa and 
SeFa (Figure 3A and 3B). 

The enzyme activity responsible for cellulose and 
hemicellulose degradation increased with the incubation time and 



increased also during the formation of fruiting bodies for both 
strains (Figures 4 and 5). The cellulase and xylanase activity were 
higher for strain PLO 6 and for substrates add with rice bran. 
(Figures 4A-B and 5A-B). 

Soluble protein increased during the colonization time, 
mainly in substrates with added rice bran (Figures 6 A and 6B). 
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Figure 2. Manganese activity peroxidase (MnP) of Pleurotus ostreatus, strains PLO 2 (A) and PLO 6 (B), growth in substrate based on 
sawdust (Se), sawdust with 20 % rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) and 
eucalypt bark with 20 % rice bran (EuFa), at days 5, 10 and 15 after incubations at 25 °C. 
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Figure 3. Laccase activity of Pleurotus ostreatus, strains PLO 2 (A) and PLO 6 (B), growth in substrate based on sawdust (Se), sawdust 
with 20 % rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) and eucalypt bark with 20 % 
rice bran (EuFa), at days 5, 10 and 15 after incubations at 25 °C. * There was no difference between strains PLO 2 and PLO 6 (P> Qj'^-^-j 
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Figure 4. Cellulase activity of Pleurotus ostreatus, strains PLO 2 (A) and PLO 6 (B), growth in substrate based on sawdust (Se), 

sawdust with 20 % rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) and eucalypt 

bark with 20 % rice bran (EuFa), after 5, 10 and 15 days incubations at 25°C. 
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Figure 5. Xylanase activity of Pleurotus ostreatus, strains PLO 2 (A) and PLO 6 (B), growth in substrate based on sawdust (Se), 

sawdust with 20 % rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) and eucalypt 

bark with 20 % rice bran (EuFa), at days 5, 10 and 15 after incubations at 25 °C. 
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Figure 6. Soluble protein concentration of Pleurotus ostreatus, strains PLO 2 (A) and PLO 6 (B), growth in substrate based on 
sawdust (Se), sawdust with 20 % rice bran (SeFa), coffee husk (Ca), coffee husk with 20 % rice bran (CaFa), eucalypt bark (Eu) 
and eucalypt bark with 20 % rice bran (EuFa), at days 5, 10 and 15 after incubations at 25 °C. 



DISCUSSION 

This results show that P. ostreatus has great potential to 
transform agroindustrial wastes into products with high 
economic value, such as mushrooms and enzymes, in addition 
to contributing to environmental protection by preventing 
inadequate discharge or the incineration of these wastes. 

The increase in the biological efficiency for substrates 
supplemented with rice bran (Figure 1) was verified when 
Pleurotus and L. edodes were cultivated on different 
agricultural wastes, such as eucalyptus sawdust and bark, 
corncobs, coffee husks and sugar cane (25). These results 
demonstrate the importance of adding a nitrogen source to 
reduce the C/N ratio of the lignocellulosic residues for 
mushroom cultivation. 

Lignocellulolytic enzyme activity in substrates with or 
without rice bran (Figures 2, 3, 4, 5) has been measured for 
other fungi species (5; 9; 16; 24). The results of these studies 
demonstrate the importance of lignocellulolytic enzymes for 
the utilization of lignin, cellulose and hemicellulose as carbon 
sources. 



Hydrolytic enzyme activity increased during incubation 
time (Figures 4, 5) with the highest activity during primordial 
formation, have also been reported by Matsumoto (20) for L. 
edodes cultivated on eucalyptus sawdust. Matsumoto found 
that the cellulase and xylanase activities increased during the 
development of the fruiting bodies, with highest levels during 
mushroom maturation. The increase in the enzyme activities 
during fructification may be due to the fungus's need to 
mobilize large amounts of carbon for mushroom formation 
(19). 

The higher enzyme activities observed for strain PLO 6 
relative to PLO 2 (Figures 2, 4 and 5) could be the result of 
genetic variability, as demonstrated Ribeiro (25), who found 
genetic differences between these isolates using RAPD (Rapid 
Amplification of Polymorphic DNA). These genetic 
differences could influence both the differential expression of 
lignocellulolytic enzymes and the production of fruiting bodies. 
The difference in enzyme activity between the strains could 
also be attributed to the culture conditions because the 
experiments were conducted during different climatic periods, 
showing the importance of selecting the appropriate strain for 
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each period of the year and for each cHmatic region. 

The higher activity of the Hgnocellulolytic enzymes 
observed when the substrates were supphed with rice bran 
(Figures 2, 3, 4 and 5) has also been observed for L. edodes and 
Phanerochaete chrysosporium (16). This higher activity could 
be the result of an increase in the availability of 
monosaccharides, polysaccharides or nitrogen (16, 17). The 
production of cellulase by Polyporus grown on palm waste 
increased when the amount of cassava in the substrate 
decreased (11), probably because this reduced the C/N ratio. 
The addition of rice bran to cassava bagasse also increased the 
activity of xylanase produced by Thermoascus aurantiacus 
(23). Supplementation of nitrogen in rice straw increased the 
production of laccase 3-4 times in Hgnocellulolytic fungus (9). 
The lignocellulolytic enzyme activity is dependent on the 
composition of the substrate and on the C/N ratio, as reported 
by Kahraman and Gurdal (12). According to these authors, 
factors affecting the activity and production of these enzymes 
include the availability of oxygen, the carbon and nitrogen 
concentrations, the pH and the temperature. 

Our results show that it is important to select mushroom 
isolates based on the culture conditions because there are 
isolate-specific variations in mushroom production (Figure 1) 
and in the activities of lignocellulolytic enzymes under 
different conditions (Figure 2, 3, 4 and 5). Moreover, the 
addition of rice bran to lignocellulosic substrates increased the 
production of soluble proteins, the enzyme activity and the 
productivity of white rot fungi, confirming the importance of 
supplementation with an N source like rice bran. 

CONCLUSION 

Strains PLO 2 and PLO 6 of P. ostreatus form fruiting 
bodies on coffee husks, sawdust and eucalyptus bark with or 
without the addition of rice bran, emphasizing highest 
hydrolytic enzyme activity during the formation of these 
fruiting bodies. The highest oxidative enzyme activity was 
observed on day 10 after inoculation. Thus, addition of 20 % 
rice bran stimulated the activity of lignocellulolytic enzymes 



and increased the biological efficiency. 
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